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Abstract: Background: Cognitive and motor decline, along with psychiatric symptoms, have a major impact
on independence, nursing home admission, caregiver burden, and mortality in Parkinson’s disease (PD). The
single most common genetic risk factor for developing PD is a mutation in the glucocerebrosidase (GBA) gene.
Methods: This work is a literature review regarding “GBA” and “Parkinson’s disease” as conducted by PubMed
search.
Results: There is a higher prevalence of cognitive decline and more rapid trajectory of disease progression in
PD-GBA carriers, compared to noncarriers. PD-GBA carriers also have domain-specific cognitive impairment,
particularly in visual memory tasks. PD-GBA carriers may also have a more aggressive motor phenotype than
noncarriers.
Conclusions: Early identification of PD-GBA carriers may lead to targeted therapies and development of new
treatments.

At least 1 million Americans live with Parkinson’s disease (PD),

with a world-wide estimate totaling 7 to 10 million people.

Despite the benefit of dopaminergic therapy for the cardinal

motor signs of tremor and bradykinesia in PD, the patient’s

disease course is typically progressive and results in significant

disability. In addition, many motor features, including postural

instability and freezing of gait, are dopamine resistant and may

rapidly lead to mobility impairments and falls. The risk of cog-

nitive decline and dementia in PD increases with age, disease

duration, and severity.1 The incidence rate of dementia in PD

is reported to be 69 to 95.3 per 1000 person-years.2,3 Cognitive

and motor decline have a major impact on independence,

psychiatric comorbidity, nursing home admission, caregiver

burden, and mortality.4–6

Interestingly, reports of parkinsonism started to emerge in

families of patients with Gaucher’s disease (GD). Neil et al.9

reported on 2 adult children with the disease who also had a

mother with a “Parkinson syndrome.” Furthermore, screening

of patients with PD has led to the identification of mutations in

the glucocerebrosidase (GBA) gene as the single most common risk

factor for the development of PD, with a reported prevalence

of 3% to 7% in the general PD population worldwide.7,8 The

GBA gene is located at chromosome 1q21 and it codes for the

beta-glucocerebrosidase enzyme. Mutations in GBA result in

reduction or elimination of beta-glucocerebrosidase activity,

causing glucocerebrosidase to accumulate in lysosomes of

affected organs. Homozygotes for GBA develop GD, a multior-

gan disease that can range from a lethal perinatal disorder to an

asymptomatic type. Heterozygotes for GBA do not develop

GD, but are still at an increased risk for PD. It should be noted

that not all GBA mutation carriers develop PD. Thus, there is

an association between the GBA mutation and PD, but the

exact pathophysiological mechanism behind GBA-associated PD

remains unknown.

Understanding the phenotype of PD patients who carry the

GBA mutation (PD-GBA carriers) is important clinically given

that these patients have a higher frequency of baseline cognitive

impairment and earlier onset of motor disability, along with a

more aggressive disease course. We aim to review the

neuropsychiatric and motor profile of PD-GBA carriers.

Methods
To identify relevant publications, a PubMed search using the

terms “GBA and Parkinson” and “glucocerebrosidase and

Parkinson” was conducted. The search engine generated 195
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publications. Epidemiological studies and case series with greater

than 10 subjects were included and reviewed. All journal

articles reviewed were written in English.

Neuropsychiatric Profile of PD-GBA Carriers

Global Cognitive Function

PD-GBA carriers are often cognizant of, and able to report,

their deficits in cognitive function. Alcalay et al.10 administered

the UPDRS-I, a self-report of mentation, behavior, and mood,

to PD-GBA carriers and subjects with other genetic forms of

PD. More PD-GBA carriers reported cognitive impairment

(score of ≥2) than carriers of other genetic forms of PD (21.9%

vs. 14.2%, respectively; P < 0.001).10

Cognitive screening tests have also been used to evaluate glo-

bal cognitive function in PD-GBA carriers. Alcalay et al.11

showed that PD-GBA carriers (n = 24), compared to noncarri-

ers (n = 47), performed more poorly on the Mini–Mental Sta-

tus Examination (MMSE; 27.1 � 4.9 vs. 28.9 � 1.3,

respectively; P = 0.035). The Montreal Cognitive Assessment

(MoCA), a test of global cognitive function which may be

more sensitive than the MMSE at detecting cognitive impair-

ment in PD,12 was used by Brockmann et al.13 to compare glo-

bal cognition in PD-GBA carriers and noncarriers, with a cutoff

score of <26 to indicate cognitive impairment. Subjects were

matched for sex and disease duration between the 2 groups.

Cognitive impairment was more frequent (45% vs. 30%; respec-

tively) and severe (22.53 vs. 26.53 points, respectively;

P = 0.02) in PD-GBA carriers, compared to noncarriers. This

pattern of greater cognitive impairment in PD-GBA carriers

was also shown using the Clinical Dementia Rating scale

(CDR), a clinically based tool that is independent of psychome-

tric test scores. Alcalay et al.11 found that 30.8% of PD-GBA

carriers met criteria for a diagnosis of dementia (CDR ≥1),
compared to 21.1% of noncarriers, a finding that has also been

supported by other groups.14,21 It is important to recognize that

Alcalay et al. included GBA carriers with early-onset PD (aver-

age age of onset: 42.9 � 5.2 yr), whereas Brockmann et al.

included GBA carriers with later-onset PD (average age of

onset: 52.8 � 9.2 yr). In both studies, subjects were age

matched to noncarriers. Despite the age differences between

GBA groups in these studies, global cognitive function was

more impaired in GBA carriers compared to noncarriers.

In addition to a higher prevalence of cognitive decline, PD-

GBA carriers may also have a more rapid trajectory of cognitive

decline compared to noncarriers. Brockmann et al.13 evaluated

20 PD-GBA carriers and 27 noncarriers longitudinally over a 3-

yr period using the MoCA. The groups did not differ at baseline

(MoCA, P = 0.56), but longitudinal intragroup analyses showed

a significantly more rapid progression of cognitive impairment in

PD-GBA carriers (P = 0.04).13 Additionally, natural history

analysis has shown that PD-GBA carriers (n = 4) progress from

normal cognition to dementia (MMSE score <24) over a median

time of 46 mo (95% confidence interval: 14.9, 77.1), whereas

fewer than half of noncarriers developed dementia over a median

time of 82 mo.9 Overall, PD-GBA status has been shown to be

a significant predictor of progression to dementia.9

Decline in global cognitive function may be seen as a prodromal

feature of PD in GBA carriers, as shown by Beavan et al. in a lon-

gitudinal study evaluating a cohort of GBA hetero- and homozy-

gotes over a 2-yr period. The GBA-positive cohort declined

significantly from baseline, compared to the control group

(P < 0.05), indicating that GBA-positive individuals show deteri-

oration in clinical markers consistent with the prodrome of PD.

Domain-Specific Impairment

Despite being informative regarding the higher prevalence and

more rapid trajectory of cognitive decline in PD-GBA carriers,

global measures of cognition lack the sensitivity and specificity

to distinguish individual PD-GBA carriers from noncarriers.

Impairment on specific cognitive domains would provide more-

informative markers to identify individuals who are GBA carri-

ers. Although impairment on a variety of cognitive domains has

been described in PD-GBA carriers,11 visual memory testing

has shown to be the most promising for identifying this subset

of patients thus far.11,15 Zokaei et al.15 used a serial order task

to assess visual short-term memory impairments in PD-GBA

carriers, GBA carriers without PD, and GBA noncarriers with

and without PD. Participants observed 4 bars, each of a differ-

ent color and orientation, presented sequentially at the center of

a screen and were subsequently asked to match the orientation

of a colored probe with the orientation of the same colored bar

in the sequence (Fig. 1). Two types of errors were noted:

(1) misbinding errors: incorrect conjunction of color and orien-

tation, and (2) errors owing to random responses. PD-GBA car-

riers made both types of errors, whereas PD-GBA noncarriers

made errors only owing to random responses. Interestingly,

GBA carriers without PD made primarily misbinding errors.

This suggests that PD-GBA carriers may be specifically identi-

fied by this “double-hit” in errors made (both misbinding errors

and errors owing to random responses), which is related to their

gene status and the presence of PD. Further work is needed to

determine the predictive value of using domain-specific testing

to identify PD-GBA carriers and whether this pattern is truly

observed exclusively in PD-GBA.

Other tests have also been used to examine visual memory in

PD-GBA carriers, including the Wechsler Memory Scale-

Revised (WMS-R) Visual Reproduction I and II, as well as the

Benton Visual Retention Test-Revised (BVRT).16,17 Twenty-

one GBA carriers performed significantly worse than 46 non-

carriers using the WMS-R Visual Reproduction I (P = 0.001)

and II (P < 0.001), as well as the BVRT (P = 0.009). This

highlights the domain-specific impairment in visual memory

tasks in GBA carriers.

Neurobehavioral/Psychiatric Features

The neurobehavioral and psychiatric features of PD-GBA

carriers remains to be fully elucidated. It has been suggested that

psychiatric symptoms occur more frequently in PD-GBA
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carriers, compared to noncarriers.18–20 In a study by Brockmann

et al.,18 the psychiatric profile of 20 PD-GBA carriers and 20

noncarriers was examined using the Neuropsychiatric Inventory

(NPI) and the Beck Depression Inventory (BDI). The NPI was

carried out as a personal interview between the neurologist and

caregiver. PD-GBA carriers had higher individual item scores

for depression (P = 0.013), anxiety disorder (P = 0.007), and

apathy and indifference (P = 0.043), when compared to non-

carriers. PD-GBA carriers also scored higher on the BDI, com-

pared to noncarriers (12.05 vs. 7.10; P = 0.031) and more

frequently scored above the cutoff indicating depression (70%

vs. 25%; P = 0.004).18 However, Alcalay et al. failed to show a

clear pattern of depressive symptoms in the PD-GBA popula-

tion utilizing the BDI,11 though this was in an early-onset PD

population (average age of onset: 42.9 � 5.2).13 Tests such as

the Hamilton Depression Scale19 and the Center for Epidemio-

logic Studies Depression scale20 have also failed to show a

higher prevalence of depression in PD-GBA carriers, compared

to noncarriers.

Similarly, it is unclear whether anxiety is more common in

PD-GBA carriers, compared to noncarriers. Anxiety has been

reported to be more common in PD-GBA carriers, compared

to noncarriers, in several case series,14,21–23 but larger studies

have not validated this finding.20 Further work is needed to

understand whether depression and anxiety are truly part of the

PD- GBA profile.

In addition to mood symptoms, behavioral disturbances are

suggested to occur at a higher frequency in PD-GBA carriers,

compared to noncarriers. Li et al.24 found a greater percentage

of hallucinations (41.2 vs. 17.7; P = 0.009), delusions (23.5 vs.

5.3; P = 0.004), and other psychoses (35.3 vs. 9.7; P = 0.0009)

in PD-GBA carriers, compared to noncarriers. Visual hallucina-

tions have been reported to be as high as 45.16% in PD-GBA

carrier patients.22

Motor Profile of PD-GBA Carriers

Numerous studies have shown that PD-GBA carriers present

with motor signs of PD at an earlier age than noncarriers.

Wang et al.20 reported that PD-GBA carriers (n = 49) had an

average age of onset of motor symptoms 6.5 to 7.0 yr earlier

than noncarriers (n = 1366; mean age: 51.4 � 9.1 vs.

58.4 � 11.0, respectively; P < 0.006). Other groups have

reported similar findings, with PD-GBA carriers typically man-

ifesting motor symptoms ranging between 5 and 10 yr earlier

than noncarriers.13,22,25

PD-GBA carriers typically present with similar parkinsonian

symptoms at onset as noncarriers,20,25 but the pattern of

motor dysfunction may be atypical. Gan-Or et al.26 and

Lesage et al.27 reported more-severe bradykinesia (P = 0.021

and P < 0.014, respectively) at initial diagnosis in PD-GBA

carriers, compared to noncarriers, and Sidransky et al.7

Figure 1 (A) A sequence of 4 colored oriented bars were presented sequentially. Any of the bars could be probed by color of the response
stimuli, and participants were asked to adjust the orientation of the response stimuli to the orientation of the bar with the same color. (B) An
example of the 1-item working memory task. A rotating dial is used to orient the probe bar (surrounded by circle) to match the orientation of
the target bar presented after a delay. (C) An example of a sensorimotor task. A rotating dial is used to orient the probe bar (surrounded by
circle) to match the orientation of the target bar presented above the probe. Figure taken from Zokaei et al.15 This is an Open Access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0/), which permits unre-
stricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
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reported a lower frequency of asymmetric onset of resting

tremor (P < 0.0001).

Studies investigating the nature and severity of motor symp-

toms and progression in PD GBA carriers versus noncarriers are

conflicting. Specific PD subtypes and symptom profiles were

similar in PD-GBA carriers and noncarriers.13,28 However,

Sidransky et al.7 reported significantly lower frequency of

bradykinesia (P = 0.0001), resting tremor (P = 0.0298), and

rigidity (P < 0.0001) in PD-GBA carriers, compared to noncar-

riers. Other studies suggest that PD-GBA carriers may develop

more-severe signs of parkinsonism earlier in their disease course,

compared to noncarriers.26,27 Wang et al.20 found that PD-

GBA carriers had higher total UPDRS scores (40.3 � 18.7 vs.

35.9 � 20.2; P = 0.024) and UPDRS-II activities of daily liv-

ing scores (11.78 � 5.46 vs. 10.49 � 6.22; P = 0.015) than

noncarriers. In a prospective 3-yr longitudinal study, PD-GBA

carriers had more-rapid progression of motor deficits, as assessed

by UPDRS-III (P = 0.03) and H & Y staging (P < 0.001).13

Also, the PD-GBA carriers versus noncarriers required more-

rapid levodopa equivalent dose escalation (950 � 714.1 mg vs.

687.3 � 338.2 mg; p = 0.01) and had higher mortality rates

(25% vs. 0%, respectively; P = 0.01).13 In line with a more

severe disease phenotype, PD-GBA carriers were found to have

developed motor fluctuations and dyskinesia earlier in their dis-

ease course.20 It is unclear whether this is related to disease pro-

gression, rapid L-dopa titration, or a combination of both.

Further work is needed to clarify the pattern of motor dysfunc-

tion in PD-GBA carriers and determine whether it is truly

different from those with idiopathic PD.

Discussion
PD is a neurodegenerative disorder with significant phenotypic

variability. PD patients differ in their degree of motor disability,

rate of progression, response to medication, and level of cogni-

tive impairment. This heterogeneity is likely owing to a combi-

nation of specific genetic mutations with superimposed

environmental contributions. In this review, we have high-

lighted studies that show PD-GBA carriers to be at higher risk

for: (1) PD with a cognitive impairment phenotype; (2) neu-

ropsychiatric and behavioral disturbances; and (3) a more

aggressive clinical course from both a cognitive and motor

standpoint.

GBA has also been found to be a risk factor for dementia

with Lewy bodies, further supporting the link between GBA

and cognitive dysfunction.29 It should be noted that a large

variety of mutations are implicated in PD-GBA carriers, with

heterogeneity in clinical phenotype based on the specific

mutation(s) present. Gan-Or et al.30 recently showed the dif-

ferential effects of severe versus mild GBA mutations on PD,

reporting that carriers of severe mutations had a roughly 3- to

4-fold higher risk and around 5 yr younger average age of

PD onset than carriers of mild mutations. This has been

supported by additional studies.31,32 However, the mechanism

underlying GBA-associated PD remains to be elucidated.

Loss-of-function mechanisms or toxic gain-of-function mecha-

nisms have been suggested.33 The loss-of-function hypothesis

is gaining more ground owing to evidence that PD-GBA car-

riers have significantly reduced production of the glucocere-

brosidase protein.30 This may result in a-synuclein
accumulation and inhibition of glucocerebrosidase trafficking

into the lysosome, ultimately resulting in a pathogenic positive

feedback loop.33,34 However, additional studies are needed to

determine the exact mechanism causing this a-synuclein accu-

mulation and PD.

It is critical to identify these patients early on not only for

genetic counseling and prognosis, but also so that new disease

specific treatments can be explored given that PD-GBA carri-

ers may have a distinctive pattern of impairment on specific

cognitive domains early on. By the time there is evidence of

clinical dementia, PD-GBA carriers no longer exhibit a dis-

tinctive pattern of cognitive impairment and are thus indistin-

guishable from noncarriers.11 Therefore, it is imperative to

identify these patients early in the disease course when demen-

tia is not yet fully manifest, and it may be possible to do so by

utilizing testing that involves visual memory tasks. This could

be achieved by more-widespread utilization of the diagnostic

criteria for PD with mild cognitive impairment as proposed by

the International Parkinson and Movement Disorder Society

Task Force.35

Furthermore, the prevalence of PD-GBA mutations is likely

underestimated. Although GBA mutations have been reported

to occur at a frequency of 3.5% in the general PD population,8

frequencies as high as 7% have been found worldwide when

the gene is fully sequenced, regardless of ethnic background.36

This is important to recognize given that mutation status may

eventually be a useful clinical tool for therapeutic decision mak-

ing. As costs for genetic testing decline and additional insights

into genotype-phenotype relationships are gained, clinicians

may be able to tailor treatments to particular subgroups based

on their mutation status.

Summary Points

PD-GBA carriers: Cognitive and psychiatric profile

•Higher prevalence of cognitive decline compared to non-

carriers

•More rapid progression of cognitive decline compared to

noncarriers

•More likely to have domain-specific impairment in visual

memory tasks

•May have more psychiatric symptoms, but this remains

unclear

PD-GBA carriers: Motor profile

•Earlier age of motor signs of parkinsonism compared to

noncarriers

•May be more-symmetric parkinsonism signs at onset com-

pared to noncarriers
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•May have more rapid progression of motor decline com-

pared to noncarriers

•Likely to have earlier motor fluctuations and dyskinesia
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